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7KHWK,QWHUQDWLRQDO&RQIHUHQFH,QWHUGLVFLSOLQDULW\LQ(QJLQHHULQJ,17(5(1*
,QIHUHQFHRISUREDELOLVWLFJUDPPDUVLQGLIIHUHQWUXOHVV\VWHPVRI
QDWXUDOODQJXDJHV
/iV]Oy.RYiFVD=VROW7yWKD
D8QLYHUVLW\RI0LVNROF0LVNROF(J\HWHPYiURV++XQJDU\
$EVWUDFW
*UDPPDU LQGXFWLRQ LV DQ LPSRUWDQW DQG FXUUHQW DUHD ZLWKLQ FRPSXWDWLRQDO OLQJXLVWLFV 7KH UHVXOWV LQ LQGXFWLRQ RI VWULQJ
WUDQVIRUPDWLRQ UXOHV FDQ EH DSSOLHG QRW RQO\ LQ OLQJXLVWLFV EXW LQPDQ\ RWKHU SDWWHUQ UHFRJQLWLRQ WDVNV 7KH WDVN RI JUDPPDU
LQGXFWLRQEHORQJV LQJHQHUDO WR13 KDUGSUREOHPV7KHSDSHUDQDO\VHV WKHPDLQ UXOH W\SHV LQQDWXUDO ODQJXDJHVDQG LQ VWULQJ
WUDQVIRUPDWLRQV\VWHPV7KHSDSHUIRFXVHVRQWKHLQIHUHQFHRILQIOHFWLRQDOUXOHV\VWHPVZKLFKGLIIHUVLQPDQ\DVSHFWVIURPWKH
WUDGLWLRQDOSURGXFWLRQ UXOH V\VWHPRI&KRPVN\JUDPPDUV7KHZRUNFRPSDUHV WKHPDLQFDQGLGDWHPHWKRGVRQ WKH OHDUQLQJRI
REMHFWLYHFDVHLQWKH+XQJDULDQODQJXDJH

7KH$XWKRUV3XEOLVKHGE\(OVHYLHU%9
6HOHFWLRQDQGSHHUUHYLHZXQGHUUHVSRQVLELOLW\RI'HSDUWPHQWRI(OHFWULFDODQG&RPSXWHU(QJLQHHULQJ)DFXOW\RI(QJLQHHULQJ
³3HWUX0DLRU´8QLYHUVLW\RI7vUJX0XUH܈
.H\ZRUGVJUDPPDULQGXFWLRQVWULQJWUDQVIRUPDWLRQUXOHFODVVLILFDWLRQLQWHUVHFWLRQODWWLFH
,QWURGXFWLRQ
$ VHW RI VHTXHQFHV FRQWDLQLQJ HOHPHQWV RI D JLYHQ W\SH FDQ EH FRQVLGHUHG DV D IRUPDO ODQJXDJH 7KH DWRPLF
V\PEROVRIWKHODQJXDJHLHWKHEXLOGLQJHOHPHQWVRIWKHVHQWHQFHVDUHFDOOHGWHUPLQDOV\PEROVRIWKHODQJXDJH,Q
WKHSUDFWLFHWKHV\PEROVPD\FRUUHVSRQGWRDQ\DUELWUDU\REMHFWVOLNHZRUGVRIDKXPDQODQJXDJHRUWKHQXFOHRWLGHV
RI D '1$ FKDLQ 7KH JUDPPDU RI D ODQJXDJH GHVFULEHV WKH SURGXFWLRQ UXOHV WR GHFRPSRVH D VHTXHQFH LQWR WKH


&RUUHVSRQGLQJDXWKRU7HO
(PDLODGGUHVV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WHUPLQDOV\PEROV7KHJUDPPDURIDODQJXDJHFDQEHXVHGWRGHVFULEHWKHVWUXFWXUHRIWKHODQJXDJH7KHJUDPPDU
LQGXFWLRQIRFXVHVRQWKHGLVFRYHU\RIWKHPRVWFRPSDFWJUDPPDUIRUDJLYHQVHWRIWUDLQLQJVHTXHQFHV
7KHWDVNRIJUDPPDULQGXFWLRQLVJHQHUDOO\DQ13KDUGSUREOHP7KHVLPSOHVWFDVHLQJUDPPDULQGXFWLRQLVWKH
LQGXFWLRQ RI UHJXODU JUDPPDUV $ IRUPDO JUDPPDU LV GHILQHG D* 7136! ZKHUH 7 LV WKH VHW RI WHUPLQDO
V\PEROV 1 LV WKH VHW RI QRQWHUPLQDO V\PEROV 6 LV WKH VHQWHQFH V\PEROV ZKHUH 6  1 7KH 3 FRPSRQHQW
FRUUHVSRQGVWRWKHVHWRISURGXFWLRQVUXOHV)RUUHJXODUJUDPPDUWKH3FRQWDLQVUXOHVRIW\SH$oEDQG$o%E
ZKHUH$ DQG% DUHQRQWHUPLQDO V\PEROVDQGE LVD WHUPLQDO V\PERO)RUSUDFWLFDOFDVHV WKH UHJXODUJUDPPDU LV
XVXDOO\ D JRRGPRGHO RI WKH UHDO JUDPPDU EXW LQ PRVW FRPSOH[ FDVHV OLNH LQ KXPDQ ODQJXDJHV D SUREDELOLVWLF
FRQWH[WIUHHJUDPPDU3&)*VKRXOGEHXVHG,Q3&)*HYHU\SURGXFWLRQUXOHLVDVVLJQHGWRDSUREDELOLW\YDOXHDQG
D UXOH KDV WKH IRUP$
o%
 ZKHUH$
 DQG%
 DUH VHTXHQFHV RI WHUPLQDO DQG QRQWHUPLQDOV V\PEROV DQG$
 PXVW
FRQWDLQDWOHDVWRQHQRQWHUPLQDOV\PERO%DVHGRQWKHSUREDELOLW\YDOXHVRIWKHUXOHVWKHSUREDELOLW\GLVWULEXWLRQRI
WKHYDOLGVHQWHQFHVFDQEHJHQHUDWHGWRR7KHPDLQEHQHILWRIWKH3&)*DSSURDFKLVWKDWWKLVFODVVRIJUDPPDUGRHV
QRWUHTXLUHQHJDWLYHH[DPSOHVGXULQJWKHWUDLQLQJRQO\SRVLWLYHH[DPSOHVDUHHQRXJKWRFRQVWUXFWDJUDPPDU
5XOHFDWHJRULHVLQQDWXUDOODQJXDJHV
7KH EDVH IRXQGDWLRQ RI JUDPPDU DQDO\VLV LV WKH WKHRU\ RI IRUPDO JUDPPDUV 7KH JUDPPDU V\VWHP GHILQHG LQ
IRUPDOJUDPPDUVLVEDVHGRQWKH&KRPVN\DSSURDFK7KLVPHDQVWKDWWKHUXOHVDUHSURGXFWLRQUXOHVKRZWRFRQVWUXFW
WKHV\PEROVHTXHQFHVIURPWKHJLYHQDOSKDEHW7KXVWKHPDLQFRQFHSWVRIWKHJUDPPDUDUHWKHVHJPHQWDWLRQDQG
FRQFDWHQDWLRQRSHUDWRUV7KLVJUDPPDUGHVFULEHVWKHUXOHVKRZWREXLOGXSWKHYDOLGVHTXHQFHVRIWKHODQJXDJHIURP
DWRPLF XQLWHV7KLV UXOH V\VWHP LV DSSURSULDWH WR DQDO\VH WKHRUGHULQJRI WKH EXLOGLQJEORFNV RI WKH VHQWHQFHV ,Q
PDQ\KXPDQODQJXDJHVWKLVRUGHULQJLVWKHPDLQPHWKRGWRHQFRGHWKHVHPDQWLF2QWKHRWKHUKDQGPDQ\ODQJXDJHV
FRQWDLQDGGLWLRQDOIRUPDOLVPIRUUHSUHVHQWDWLRQRIWKHVHPDQWLF7KXVDNH\SUREOHPLQWKHFRPSXWDWLRQDOOLQJXLVWLFV
LVKRZDSSURSULDWHLVWKH&KRPVN\JUDPPDUV\VWHPLQWKHPRGHOLQJRIKXPDQODQJXDJHV
7KHVLPSOHVWDSSURDFKLVWKDWUHJXODUJUDPPDULVSRZHUIXOHQRXJKWRGHVFULEHKXPDQODQJXDJHV7KLVDSSURDFKLV
EDVHGRQ WKHIDFW WKDWHYHU\ILQLWH ODQJXDJHFDQEHGHVFULEHGZLWK UHJXODUJUDPPDUDQGHYHU\KXPDQ ODQJXDJH LV
DOVRILQLWH7KHPDLQGUDZEDFNRIWKLVDSSURDFKLVWKHKXJHFRPSOH[LW\RIWKHFRUUHVSRQGLQJUHJXODUJUDPPDU7KH
ILUVWUHJXODUJUDPPDUPRGHOIRUQDWXUDOODQJXDJHZDVGHYHORSHGE\+RFNHWW>@LQ6XOOLYDQ>@DOVRDUJXHG
IRU UHJXODULW\ZKHUH LWV UHDVRQLQJ LVEDVHGRQ WKH ILQLWH VWUXFWXUHRIRXUEUDLQ7KHEUDLQFDQEHPRGHOOHGZLWKD
ILQLWH DXWRPDWRQ 7KH QXPEHU RI VWDWHV RI WKH UHVXOWLQJ QRQGHWHUPLQLVWLF ILQLWH DXWRPDWRQ LV DSSUR[LPDWHGZLWK
YDOXH  7KXVWKHRQO\ZD\WRSURYHWKDW1/DUHPRUHFRPSOH[WKDQUHJXODUJUDPPDUVLVWRH[KLELWVRPH
LQILQLWHVHTXHQFHVRIJUDPPDWLFDOVHQWHQFHV&KRPVN\DUJXHGWKDWWKHVHQWHQFHVWUXFWXUHRIKXPDQODQJXDJHVVKRZV
VXFKLQILQLWHOHQJWKSDWWHUQZKLFKUHTXLUHVVRPHNLQGRIPHPRU\WRR7KHEHVWNQRZQH[DPSOHLVWKHVHQWHQFH

³$ZKLWHPDOHZKRPDZKLWHPDOHQKLUHGQKLUHGDQRWKHUZKLWHPDOH´

7KHUH DUH DOVR YHU\ VWURQJ DUJXPHQWV WKDW 1/V DUH QRW FRQWH[WIUHH ,Q WKH DUHD RI IRUPDO ODQJXDJHV LQ
FRQMXQFWLRQZLWKFRPSXWDWLRQDOOLQJXLVWLFVDQGQDWXUDOODQJXDJHSURFHVVLQJWKHIRUPXODWLRQRIWKHQRWLRQRIPLOGO\
FRQWH[WVHQVLWLYHODQJXDJHVKDVEHHQDSSHDUHGDQGXVHG7KHVHFODVVHVDUHSURSHUVXEFODVVHVRIWKHFODVVRIFRQWH[W
VHQVLWLYHODQJXDJHVDQGSURSHUVXSHUFODVVHVRIWKHFODVVRIFRQWH[WIUHHODQJXDJHV>@
%HVLGHZRUGRUGHULQJWKHRWKHUPDLQIRUPDORSHUDWLRQIRUHQFRGLQJVHPDQWLFLVWKHZRUGLQIOHFWLRQ>@,QWKH
DJJOXWLQDWLYHODQJXDJHVDZRUGPD\KDYHPDQ\GLIIHUHQWIRUPVGHSHQGLQJRQWKHVHPDQWLFUROH)RUH[DPSOHLQWKH
EDVN ODQJXDJH D QRXQPD\ KDYH VHYHUDO KXQGUHG YHUVLRQV 7KH WHVWHG +XQJDULDQ ODQJXDJH DOVR EHORQJV WR WKLV
IDPLO\ RI ODQJXDJHV ,Q WKLV ODQJXDJH WKHUH DUH DERXW  FDVHV ZKLFK FDQ EH FRPELQHG ZLWK HDFK RWKHU  7KH
DFFXVDWLYHLVDIUHTXHQWO\XVHGFDVHLQZRUGLQIOHFWLRQ

/iWRPDKi]DW>mKi]@,VHHWKHKRXVH

7KHVWHPIRUPRIWKHKRXVHLVLQ+XQJDULDQWKHZRUG
Ki]
7KLVZRUGLVDOWHUHGWRWKHIRUP
Ki]DW
WRGHQRWHWKH
UROHRIDFFXVDWLYHFDVH7KHPDLQGLIILFXOW\LQWKLVJUDPPDULVWKDWWKHSRVWIL[WDJFDQYDU\GHSHQGLQJIURPWKHVWHP
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IRUP,QWKH+XQJDULDQODQJXDJHWKHUHDUHDERXWGLIIHUHQWIRUPVRIDFFXVDWLYH6RPHW\SLFDOH[DPSOHVDUHVKRZQ
LQWKH7DEOH
 7DEOH,QIOHFWLRQH[DPSOHV
6WHP $FFXVDWLYHFDVH
NHIH NHIpW
V]y V]yW
ODEGD ODEGiW
GRE GRERW
iORP iOPRW

7KHIRUPDOLVPRILQIOHFWLRQUXOHVLVYHU\GLIIHUHQWIURPWKHWUDGLWLRQDO&KRPVN\JUDPPDUVV\VWHP+HUHDVWULQJ
WUDQVIRUPDWLRQUXOHVKRXOGEHGHVFULEHG,QWKHOLWHUDWXUHWKHUHDUHRQO\IHZDSSURDFKHVSUHVHQWHGRQWKHLQIHUHQFH
RILQIOHFWLRQDOUXOHV\VWHP
7KHPRUSKRORJ\RI LQIOHFWLRQDO ODQJXDJHVLVXVXDOO\GHVFULEHGZLWKSDUDGLJPIRUPDOLVP$SDUDGLJP>@ LVD
WDEOHGHVFULELQJWKHVWHPDQGWKHLQIOHFWLRQDOIRUPVRIDQH[DPSOHZRUGUHSUHVHQWLQJDJLYHQLQIOHFWLRQDOFODVVVHH
7DEOH7KLVDSSURDFKLVFDOOHG:3:RUGDQG3DUDGLJPPRGHO7KHFRUUHVSRQGLQJSDUDGLJPVHWLVFRQVWUXFWHG
PDQXDOO\ E\ OLQJXLVWLF H[SHUWV 7KH SURSRVHG 0XUI IUDPHZRUN LQ >@ LV D SURJUDP LQWHQGHG WR LQGXFH D
PRUSKRORJLFDOWUDQVGXFHUIURPWUDGLWLRQDOVW\OHSDUDGLJPVHWV7KHWUDQVGXFHUSURGXFHVWKHIRUPVLQWKHSDUDGLJPV
DQGJHQHUDOLVHVFRPPRQIHDWXUHVUHGXFLQJUHGXQGDQF\LQWKHSDUDGLJPV
7KH LQIOHFWLRQJLYHQE\ WKHSDUDGLJPWDEOH UHTXLUHVGLIIHUHQW OHDUQLQJPHWKRGV WKDQ WKH LQGXFWLRQRI&KRPVN\
JUDPPDUV >@7KHJRDORI LQIOHFWLRQ UXOH LV WKHPDWFKLQJRI VWHPIRUP OHPPDZLWK WKHDSSURSULDWHGHULYDWLRQ
UXOH$VWKHQXPEHURIGLIIHUHQWGHULYDWLRQUXOHVLVILQLWHWKHUXOHVDUHFDOOHGGHULYDWLRQFODVVHV,QWKLVDSSURDFKWKH
LQIOHFWLRQRIGHULYDWLRQFODVVHVFDQEHFRQVLGHUHGDVDFODVVLILFDWLRQWDVN
,QIHUHQFHRISUREDELOLVWLF&)*
7KHJUDPPDULQGXFWLRQPHWKRGVZHUHGHYHORSHGRULJLQDOO\IRU&KRPVN\JUDPPDUV)RULQGXFWLRQRI3&)*WKH
PRVWZLGHO\ XVHGPHWKRGV DUH WKH SUREDELOLVWLF LQGXFWLYH&<. 3&<. WKH7%/DOJRULWKP >@ DQG WKH$',26
PHWKRG7KHWHVWUHVXOWVDQGWKHWKHRUHWLFDODQDO\VLVVKRZWKDWWKH7%/DOJRULWKPKDVDYHU\KLJKFRVWYDOXHIRUD
VLQJOH VHQWHQFH WKH FRQVWUXFWLRQRI WKHJUDPPDU WDEOH LV LQ21 )RU D VHW RI WUDLQLQJ VHQWHQFHV WKH ILUVWSKDVH
JHQHUDWHV D SULPLWLYH JUDPPDU IRU HYHU\ VDPSOH VHQWHQFH ,Q WKH VHFRQG SKDVH WKH SULPLWLYH JUDPPDUV DUH
LQWHJUDWHG ZLWK D KHXULVWLF PHWKRG 2QH VROXWLRQ LV WKH DSSOLFDWLRQ RI D JHQHWLF DOJRULWKP WR GHWHUPLQH WKH
RYHUODSSLQJQRQWHUPLQDOV\PEROGHILQLWLRQV7KHDSSOLHG*$PHWKRGXVXDOO\FDXVHVDQDGGLWLRQDOKLJKLQFUHDVHLQ
WKHFRPSXWDWLRQDOFRVWV7KH$',26PHWKRGXVHVDIUHTXHQWSDWWHUQGLVWLOODWLRQSKDVHWRGHWHUPLQHWKHDSSURSULDWH
QRQWHUPLQDO V\PEROV 7KH PHWKRG JHQHUDWHV D VHTXHQFH JUDSK IURP WKH WUDLQLQJ VHTXHQFHV ZKHUH HYHU\ ZRUG
FRUUHVSRQGVWRDVLQJOHQRGHRIWKHJUDSK7KH3&<.DOJRULWKPXVHVDQHIILFLHQWSDUVHWDEOHVWUXFWXUHWRGLVFRYHUWKH
VLJQLILFDQW SURGXFWLRQ UXOHV  ,Q WKH SDUVH WDEOH HYHU\ QRQWHUPLQDO V\PERO LV DVVLJQHG WR D IUHTXHQF\ YDOXH
GHQRWLQJWKHSUREDELOLW\RIGHGXFWLRQRIDVHQWHQFHVHJPHQWIURPWKHJLYHQQRQWHUPLQDO7KHFDOFXODWLRQRIWKHVH
SUREDELOLW\YDOXHVFDQEHLPSOHPHQWHGZLWKDERWWRPXSDOJRULWKP
$',26 >@ SHUIRUPV DXWRPDWLF GLVWLOODWLRQ RI VWUXFWXUHV ,W LV DQ XQVXSHUYLVHG 3UREDELOLVWLF &RQWH[W )UHH
*UDPPDULQGXFWLRQDOJRULWKP7KHDOJRULWKPH[WUDFWVWKHIUHTXHQWSDWWHUQVIURPWKHWUDLQLQJFRUSXVWRGHWHUPLQHWKH
SURGXFWLRQUXOHV7KHVHQWHQFHVRIWKHWUDLQLQJVHWDUHFRQVLGHUHGDVXQLTXHSDWKVLQDSVHXGRJUDSK>@7KHJUDSKLV
GLUHFWHGDQGKDVPXOWLSOHHGJHV,WVQRGHVDUH WKHZRUGVRI WKHWUDLQLQJVHWDQGWKHUHDUH WZRVSHFLDOQRGHVFDOOHG
³EHJLQ´DQG³HQG´
(DFKSDWKVWDUWVZLWKWKHEHJLQQRGHDQGHQGVZLWKWKHHQGQRGHWKXVWKHJUDSKLVFRKHUHQW7RH[WUDFWSDWWHUQVLW
XVHVWKH0RWLI([WHQVLRQDOJRULWKP7KHSDWWHUQVDUHWKHIUHTXHQWVXESDWKVRIWKHJUDSK$IWHUWKHH[WUDFWLRQRIWKH
VHOHFWHGIUHTXHQWVXESDWKLWEHFRPHVDQHZQRGHZKLFKUHSODFHVWKHRULJLQDOSDWKDQGWKHJUDSKZLOOEHUHZULWWHQ
7KHJUDSKJURZVDQGJHWVDQHZQRGHLQHYHU\LWHUDWLRQ0RUHRYHUDVLPLODULW\UHODWLRQVKLSFDQEHGHILQHGDPRQJ
WKHH[WUDFWHGSDWWHUQV)RUH[DPSOHWKHZDQW\RXWRDQGZDQWKHUWRSDWKVKDYHYHU\VLPLODUFRQWHQWV,QWKH
JHQHUDOL]DWLRQSKDVHWKHVHSDWWHUQVZLOOEHPHUJHGVXFKDVZDQW;WRDQG; ^\RXKHU`
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:HUHFHQWO\IRFXVRQWKHUHSUHVHQWDWLRQDQGWKHSDWWHUQDFTXLVLWLRQRIWKH$',26DOJRULWKP7KHFRPSDULVRQRI
WKH7%/>@,PSURYHG7%/>@DQG,QGXFWLYH&<.>@DOJRULWKPVVKRZHGWKDWWKHVHOHFWHGUHSUHVHQWDWLRQKDV
DJUHDWLPSDFWRQWKHLQIHUHQFHPHWKRG%DVHGRQWKHDQDO\VLV>@WKHLWHUDWLYHDOJRULWKPV\LHOGVUHVXOWIDVWHUWKDQ
QRQLWHUDWLYH DOJRULWKPV 7KH DQDO\VLV VWUHVVHV WKH LPSRUWDQFH RI WKH 0RWLI ([WUDFWLRQ PHWKRG 7KLV DOJRULWKP
UHWXUQVWKHPRVWIUHTXHQWVXESDWKLQWKHJLYHQSVHXGRJUDSK7KHDOJRULWKPH[DPLQHVHDFKSRVVLEOHVXESDWKLQWKH
JUDSK DQGGHWHUPLQHV353/'5'/YDOXHV IRU HDFK VXESDWKV ,W XVHV DQ H[KDXVWLYH VHDUFKLQJPHWKRGZKLFK
\LHOGVWKHEHVWVROXWLRQKRZHYHULWLVYHU\FRVWO\)RUH[DPSOHLIWKHWUDLQLQJVHWFRQVLVWVRIQVHQWHQFHVDQGHDFK
VHQWHQFH LVPOHQJWK WKHQ WKHUH FRXOGEHPP VXESDWK IRU HDFK VHQWHQFH DQGQPP VXESDWKV WRWDO
7KXV WKHQXPEHURI WKHSRVVLEOHVXESDWKVJURZVDV2QP ,WPHDQV WKH0RWLI([WUDFWLRQDOJRULWKPLWVHOIKDVD
KXJHWLPHFRVWLQHDFKLWHUDWLRQ7KHDERYHPHQWLRQHGYDOXHVDUHWKHIROORZLQJ

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
7KHJUDSKUHSUHVHQWDWLRQRIWKHFRUSXVSOD\VDQLPSRUWDQWUROHLQWKHSDWWHUQDFTXLVLWLRQ,WJLYHVWKHWKHRUHWLFDO
EDFNJURXQGRIWKHVHDUFKDQGSDWWHUQH[WUDFWLRQ)URPWKHSRLQWRIYLHZRIHIILFLHQF\DOVRWKHLPSOHPHQWDWLRQSOD\V
D NH\ UROH 7KH JUDSK LV GLUHFWHG FRQWDLQV PXOWLSOH HGJHV DQG WKH SDWKV KDYH WR EH HQFRGHG WRR IRU WKH0RWLI
([WUDFWLRQDOJRULWKP2XULPSOHPHQWDWLRQRIWKHJUDSKLVDOLVWRISDWKVDQGDSDWKLVDVHTXHQFHRIZRUGV7KH0RWLI
([WUDFWLRQDOJRULWKPZRUNVRQWKLVVWUXFWXUHDQGUHZULWHVWKHVHQWHQFHVLQHYHU\LWHUDWLRQ
,QIHUHQFHRILQIOHFWLRQDOJUDPPDU
7KHLQIOHFWLRQ>@ LVXVXDOO\FRQVLGHUHGDVDFODVVLILFDWLRQSUREOHPDQGVRPHNLQGRIFODVVLILFDWLRQPHWKRGLV
DSSOLHG LQ WKH LPSOHPHQWDWLRQ V\VWHPV $ VSHFLDO FKDUDFWHULVWLF RI LQIOHFWLRQ V\VWHP LV WKH KLJK FRPSOH[LW\ DQG
LUUHJXODULW\,Q>@DQHXUDOQHWZRUNDUFKLWHFWXUHZDVXVHGWRFRSHZLWKWKLVFRPSOH[LW\7KHSURSRVHGQHWZRUNZDV
WUDLQHGZLWK6HUELDQQRXQVWRSUHGLFW LQIOHFWHGSKRQRORJLFDOIRUPVIURPDVSHFLILFDWLRQRIDZRUG¶V OHPPD
JHQGHUQXPEHUDQGFDVHDQGJHQHUDOL]HGWRXQWUDLQHGFDVHV7KHSURSRVHGIHHGIRUZDUGQHWZRUNFRQVLVWVRIIRXU
OD\HUV ,Q WKH WKLUG OD\HU D UHFXUUHQW DUFKLWHFWXUHZDV LPSOHPHQWHG WRHQDEOHD VHTXHQWLDORXWSXW&RQVLGHULQJ WKH
LQSXWOD\HUHYHU\OHPPDXVHGLQWKHODQJXDJHKDVDVSHFLILFXQLW,QWKHWHVWLPSOHPHQWDWLRQOHPPDQRGHVZHUH
XVHG%HVLGHOHPPDQRGHVWKHLQSXWOD\HUFRQVLVWVDOVRXQLWVIRUWKHLQYHVWLJDWHGFDVHVWRR$IWHUDFWLYDWLRQRIWKH
DFWXDO OHPPD DQG FDVH XQLWV WKH QHWZRUN RXWSXWV WKH LQIOHFWHG IRUP RI WKH OHPPD 7KHPDLQ GUDZEDFN RI WKLV
DUFKLWHFWXUHLVWKDWHYHU\OHPPDUHTXLUHVDVSHFLILFXQLWWKHVHWRIOHPPDVVKRXOGEHIL[HGDSULRUL
2XULQYHVWLJDWLRQDLPVDWGHYHORSLQJDPRUHIOH[LEOHVWUXFWXUH7ZRPRGHOVZDVGHYHORSHGDQGFRPSDUHGWKH
ILUVWLVEDVHGRQWKHQHXUDOQHWZRUNDSSURDFKZKLOHWKHVHFRQGRQHXVHVDQLQWHUVHFWLRQODWWLFHVWUXFWXUH7KHLQSXWRI
WKHJUDPPDUOHDUQLQJV\VWHPLVDOLVWRIOHPPD±LQIOHFWHGZRUGSDLUV
^ `
 LL VV/  
,QWKHILUVWSUHSURFHVVLQJSKDVHWKHLQIOHFWLRQUXOHVDUHUHFRJQL]HG7KHDSSOLHGUXOHVFRUUHVSRQGWRVXEVWLWXWLRQ
UXOHVWKHDSSOLFDWLRQRIWKLVVXEVWLWXWLRQRSHUDWLRQJHQHUDWHVIURPOHPPDVWKHFRUUHVSRQGLQJLQIOHFWHGIRUPLVV¶
(YHU\GLVFRYHUHGUXOHLVFRQVLGHUHGDVDWUDQVIRUPDWLRQFODVVUM7KHWUDLQLQJVHWIRUWKHVHFRQGSKDVHLVWKHVHWRI
OHPPDVDQGFRUUHVSRQGLQJWUDQVIRUPDWLRQFODVVODEHOV
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^ ` ML UV7  
7KHILUVWLQYHVWLJDWHGDSSURDFKWROHDUQWKHFODVVLILFDWLRQIXQFWLRQZDVWKH&RXQWHU3URSDJDWLRQ1HWZRUN>@
7KLVQHWZRUN FRQVLVWV RI WKUHH OD\HUVZKHUH WKHKLGGHQ OD\HU FRUUHVSRQGV WR D.RKRQHQ¶V620 OD\HUZKLOH WKH
RXWSXWOD\HULVD*URVVEHUJFRPSHWLWLYHOD\HU


)LJ7KHVWUXFWXUHRI&31QHXUDOQHWZRUN
7KH QRGHV RI WKH KLGGHQ OD\HUV UHSUHVHQW FOXVWHU FHQWHUV LQ WKH REMHFW VSDFH 7KH QHWZRUN OHDUQV WKH RSWLPDO
SRVLWLRQVRI WKHFOXVWHUFHQWHUV5HJLRQVZLWKKLJKQXPEHURIREMHFWVKDYHDKLJKHUGHQVLW\RIFOXVWHUQRGHV7KH
WKLUG OD\HU SHUIRUPV D QHDUHVW QHLJKERU FODVVLILFDWLRQZKHUH WKH FODVV ODEHOV RI WKH QHLJKERULQJ WUDLQLQJ VDPSOHV
GHWHUPLQH WKHFODVVRI WKH WHVWHG LQSXWREMHFW$NH\DVSHFWRIQHWZRUNVWUXFWXUH LV WKH LQWHUSUHWDWLRQRI WKH LQSXW
QRGHV8VXDOO\ WKH LQSXW QRGHV FRUUHVSRQG WR WKH DWWULEXWHV RI WKH WHVW REMHFWV ,Q RXU LPSOHPHQWDWLRQ WKH LQSXW
QRGHVDUHDVVLJQHG WR WKHGLIIHUHQW OHWWHUVDW WKHGLIIHUHQWSRVLWLRQVRI WKH OHPPDZRUG7KXV WKH WRWDOQXPEHURI
LQSXWQRGHVLVHTXDOWRQPZKHUHQLVWKHVL]HRIDOSKDEHWDQGPLVWKHWKUHVKROGOHQJWKRIZRUGV
$QRWKHUNH\SDUDPHWHULVWKHQXPEHURIQRGHVLQWKHKLGGHQOD\HU,IWKLVYDOXHLVWRRORZWKHQHLJKERUKRRGVRI
WKHFOXVWHUFHQWHUVDUHLQKRPRJHQHRXV7KHHVWLPDWLRQRIWKHQHWZRUNVL]HLVDZHDNSRLQWRIWKLVPHWKRG
$QRWKHU LQYHVWLJDWHGDSSURDFK LV WKHDSSOLFDWLRQRIDQ LQWHUVHFWLRQ ODWWLFH7KLVPRGHO LVEDVHGRQ WKHDQDORJ\
ZLWKWKHFRQFHSWODWWLFHDUFKLWHFWXUH,QWKHWKHRU\RIIRUPDOFRQFHSWDQDO\VLV)&$>@WKHLQSXWLQIRUPDWLRQ
LVVXPPDUL]HGLQDFRQWH[WPDWUL[.7KHURZVRIWKHPDWUL[FRUUHVSRQGWRWKHREMHFWVDQGWKHFROXPQVGHQRWHWKH
DWWULEXWHV7KHFHOOYDOXHGHQRWHVZKHWKHUWKHJLYHQDWWULEXWHLVYDOLGDWWKHREMHFWRUQRW
)RUDJLYHQFRQWH[WPDWUL[DVHWRIIRUPDOFRQFHSWVFDQEHJHQHUDWHG$IRUPDOFRQFHSW&LVDSDLURIREMHFWVHW$
DQGDWWULEXWHVHW%ZKHUH
^ `.ED%ED$  _ 
^ `.ED$DE%  _ 
:LWKLQWKHVHWRIIRUPDOFRQFHSWVIURP.DVXEFRQFHSWUHODWLRQVKLSFDQEHGHILQHGZKHUH
  $$%$%$ d 
%DVHGRQWKLVUHODWLRQVKLSDODWWLFHRIFRQFHSWVFDQEHFRQVWUXFWHGWRDJLYHQ.FRQWH[W
'ƌŽƐƐďĞƌŐůĂǇĞƌ
^KDůĂǇĞƌ
ŝŶƉƵƚůĂǇĞƌ
ĐŚĂƌĂĐƚĞƌƐĞƋƵĞŶĐĞ
ŝŶĨůĞĐƚŝŽŶĐůĂƐƐ
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7KHUHODWLRQVKLSLQWKLVODWWLFHFRUUHVSRQGVWRWKHJHQHUDOL]DWLRQUHODWLRQVKLSRIFRPPRQREMHFWV>@7KHURZVRI
WKHFRQWH[WPDWUL[DUHXVXDOO\DWRPLFFRQFHSWVZKLOHWKHGHULYHGFRQFHSWVDUHJHQHUDWHGZLWKWKHLQWHUVHFWLRQRIWKH
H[LVWLQJDQGRIWKHLQFRPLQJFRQFHSWV([WHQGLQJWKHDWWULEXWHVHWZLWKDFODVVDWWULEXWHWKHODWWLFHFDQEHXVHGDVD
FODVVLILFDWLRQPHWKRG>@ ,Q WKLVH[WHQGHG ODWWLFH WKHPD[LPDOFRQVLVWHQWFRQFHSWVDUH WKRVHFRQFHSWVZKLFKDUH
FRQVLVWHQW HYHU\GHVFHQGDQWFRQFHSWVEHORQJ WR WKH VDPHFODVV ODEHODQGQRRI LWVDQFHVWRUFODVVHV LVFRQVLVWHQW
7KHWHVWLQJSURFHVVORFDOL]HVWKDWPD[LPDOFRQVLVWHQWFRQFHSWLQWKHODWWLFHZKRVHDWWULEXWHVHWLVDVXEVHWRIWKHLQSXW
REMHFW¶VDWWULEXWHVHW7KHFODVVODEHORIWKHIRXQGPD[LPDOFRQVLVWHQWFRQFHSWZLOOEHDVVLJQHGWRWKHLQSXWREMHFW

)LJ7KHVWUXFWXUHRIFRQFHSWODWWLFH
,QWKHLPSOHPHQWHGV\VWHPWKHREMHFWVRIWKHFRQWH[WFRUUHVSRQGWRHOHPHQWVRIWKHWUDLQLQJVHW
^ ` ML UV7  
7KHFKDUDFWHUVRIWKHOHPPDFRPSRQHQWVDUHXVHGDVREMHFWDWWULEXWHV7KHLQWHQVLRQSDUWRIWKHFRQFHSWVLVKHUHD
FKDUDFWHUVHTXHQFH LQVWHDGRIFKDUDFWHUVHW7KH LQWHUVHFWLRQRSHUDWLRQ\LHOGV WKHFRPPRQVWULQJVHTXHQFHVRI WKH
WZRRSHUDQGVWULQJV7KHGHILQLWLRQRIFRPPRQVXEVWULQJPD\KDYHGLIIHUHQWLQWHUSUHWDWLRQDQGLWVWURQJO\LQIOXHQFHV
WKHHIILFLHQF\RIWKHFODVVLILFDWLRQSURFHVV7KHPDLQVWHSVRIWKHLQWHUVHFWLRQODWWLFHPHWKRGDUHWKHIROORZLQJV
x JHQHUDWHWKHOLVWRIQHZLQWHUVHFWLRQFRQFHSWV
x HOLPLQDWHWKHUHGXQGDQF\LQWKHOLVW
x GHWHUPLQHWKHQHDUHVWFRQWDLQHUFRQFHSWVIRUWKHQHZFRQFHSWV
x GHWHUPLQHWKHQHDUHVWFRQWDLQHGREMHFWVIRUWKHQHZFRQFHSWV
x LQVHUWWKHQHZFRQFHSWVLQWRWKHODWWLFH
x DGMXVWWKHFRQVLVWHQF\LQGLFDWRURIWKHFRQFHSWV
x H[WUDFWIURPWKHODWWLFHWKHPD[LPDOFRQVLVWHQWHOHPHQWV
7KHFRVWRIODWWLFHPDQDJHPHQWGHSHQGVVLJQLILFDQWO\RQWKHQXPEHURIWKHFRQFHSWQRGHV7KHWUDGLWLRQDOODWWLFH
FRQVWUXFWLRQPHWKRGVXVXDOO\EHORQJ WR WKH21 FRPSOH[LW\FODVVZKHUH1GHQRWHV WKHQXPEHURIQRGHV LV WKH
ODWWLFH8QIRUWXQDWHO\KDYLQJDFRQWH[WZLWK0URZVWKHQXPEHURIJHQHUDWHGFRQFHSWVPD\KDYHLQ207KXV
WKHODWWLFHRULHQWHGDSSURDFKUHTXLUHVDQDSSURSULDWHUHGXFWLRQPHWKRGWRHOLPLQDWHWKHXQLPSRUWDQWQRGHVIURPWKH
ODWWLFH,QRXUFXUUHQWLQYHVWLJDWLRQWKHSRVWIL[LQIOHFWLRQV\VWHPZDVWHVWHGWKXVWKHHQGRIWKHOHPPDVKDVODUJHU
LPSRUWDQFHWKDQWKHKHDGSDUW
7HVWUHVXOWV
0(7$LVDQRYHOIUDPHZRUNIRUJUDPPDULQGXFWLRQPHWKRGV>@>@,WVDLPLVWRSURYLGHDFRPPRQHQYLURQPHQW
IRU JUDPPDU LQGXFWLRQ DQGSDUVLQJPHWKRGV WKXV WKHGLIIHUHQWPHWKRGV FDQEH FRPSDUHG DQG DQDO\VHG MRLQWO\ ,W
SURYLGHV FODVVHV WR UHSUHVHQW IRUPDO JUDPPDUV DQG LQWHUIDFHV WR PDQLSXODWH WKHP 7KH JUDPPDU GHVFULSWLRQ LV
ǌĞƌŽĐŽŶĐĞƉƚ
ƵŶŝƚĐŽŶĐĞƉƚ
ĂƚŽŵŝĐĐŽŶĐĞƉƚ
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JHQHUDOVRDQ\NLQGRIJUDPPDUIURP&KRPVN\KLHUDUFK\FDQEHUHSUHVHQWHGLQLW7KHUHDUHWZRNLQGRIUXOHW\SHV
IRUJUDPPDUVWKH3URGXFWLRQ5XOHDQG3UREDELOLVWLF5XOH7KH*UDPPDUFODVVLVJHQHULFWKXVD*UDPPDUREMHFWFDQ
EHSUREDELOLVWLFRUQRQSUREDELOLVWLF7KHUHDUHJHQHULF LQWHUIDFHV3DUVH6WUDWHJ\DQG/HDUQ6WUDWHJ\WR LPSOHPHQW
RZQSDUVLQJDQGOHDUQLQJDOJRULWKPV7KXV0(7$LVDQH[WHQVLEOHIUDPHZRUNWRPDQDJHIRUPDOJUDPPDUVDQGLW
SURYLGHVDZD\WRLPSOHPHQWDQGWHVWGLIIHUHQWDOJRULWKPV
5HJDUGLQJWKHLQIOHFWLRQSUREOHPDWUDLQLQJVHWFRQWDLQLQJWUDLQLQJSDLUVZDVVHOHFWHGIRUWHVWH[SHULPHQWV
7KHWUDLQLQJVHWZDVFRQVWUXFWHGIURPGLIIHUHQWQRXQZRUGVDQGWKHLQIOHFWLRQIRUDFFXVDWLYHFDVHZDVXVHG
7KH LWHPV LQ WKH LQSXWILOHFRQWDLQDSDLURIZRUGV7KHILUVWZRUG LV WKH OHPPDZRUGDQG WKHVHFRQGZRUG LV WKH
LQIOHFWHGZRUG
,QWKHWHVWVWZRPDLQPHDVXUHVZHUHLQYHVWLJDWHGWKHDFFXUDF\DQGWKHH[HFXWLRQWLPH,QWKHWHVWVWKHGHVFULEHG
&31DQGLQWHUVHFWLRQODWWLFHPHWKRGVZHUHFRPSDUHG7KHH[SHULPHQWDOPHDVXUHPHQWVKDYHDODUJHDJUHHPHQWZLWK
WKHWKHRUHWLFDOFRQVLGHUDWLRQV7KHLQWHUVHFWLRQODWWLFHVWUXFWXUHVKRZVDSRO\QRPLDOH[HFXWLRQWLPHIXQFWLRQ)LJ
WKXVIRUODUJHUSUREOHPGRPDLQVDPRUHHIILFLHQWUHGXFWLRQFRPSRQHQWVKRXOGEHLQYHQWHG

)LJ7KHDFFXUDF\FRPSDULVRQRIWKH&31DQG,/PHWKRGV

)LJ7KHWLPHFRVWFRPSDULVRQRIWKH&31DQG,/PHWKRGV
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5HJDUGLQJWKHDFFXUDF\WKHLQWHUVHFWLRQODWWLFHPHWKRGGRPLQDWHVWKH&31QHXUDOQHWZRUNVWUXFWXUH)LJ7KH
PDLQEHQHILWRIWKH,/PHWKRGLVWKDWLWSURYLGHVDEHWWHUJHQHUDOL]DWLRQPHFKDQLVPIRUXQWUDLQHGFDVHVWKDQWKH&31
PHWKRG
&RQFOXVLRQ
7KHJUDPPDUWKHRU\LQFRPSXWDWLRQDOOLQJXLVWLFVLVGRPLQDWHGE\WKHWUDGLWLRQDO&KRPVN\IRUPDOJUDPPDUV7KLV
WKHRU\IRFXVHVRQWKHFRQVWUXFWLRQDOUXOHVRIVHQWHQFHVIURPEDVHEXLOGLQJEORFNV7KHVHUXOHVGHWHUPLQHWKHV\PERO
VHWRIWKHFRPSRQHQWVDQGGHVFULEHWKHRUGHULQJRIFRPSRQHQWV,QPDQ\QDWXUDOODQJXDJHH[LVWVDGLIIHUHQWJUDPPDU
FRPSRQHQWQDPHO\ WKH LQIOHFWLRQRI WKHZRUGV7KH WUDGLWLRQDO&KRPVN\UXOHV\VWHP LVQRWYHU\HIILFLHQWRQ WKLV
SUREOHPXVXDOO\VRPHW\SHRIFODVVLILFDWLRQPHWKRGLVDSSOLHGIRUZRUGLQIOHFWLRQ7KHSUHVHQWHGSDSHULQWURGXFHV
DQG LQYHVWLJDWHV WZRPDLQPHWKRGV IRU WKLV WDVN7KH ILUVWPHWKRGXVHVRQ D WUDGLWLRQDO QHXUDOQHWZRUN VWUXFWXUH
ZKLOHWKHRWKHULVEDVHGRQWKHIRUPDOFRQFHSWWKHRU\
7KH SDSHU SUHVHQWV WKH EDVH YHUVLRQ RI WKH SURSRVHG DUFKLWHFWXUHV DQG YHULILHV WKH DSSOLFDELOLW\ RI WKHVH
DUFKLWHFWXUHV$VWKHWKHRUHWLFDOFRQVLGHUDWLRQVDQGWKHH[SHULPHQWDOUHVXOWVVKRZERWKYHUVLRQVDUHVXLWDEOHIRUWKH
OHDUQLQJWKHLQIOHFWLRQUXOHV7KH&31QHXUDOQHWZRUNKDVOLQHDUFRVWIXQFWLRQWKXVLWLVVXLWDEOHIRUODUJHSUREOHPV
WRR7KHGUDZEDFNRI WKLV DSSURDFK LV WKH UHODWLYH ORZFODVVLILFDWLRQ DFFXUDF\ DV LW LV D KDUGSUREOHP WR ILQG DQ
DSSURSULDWHGLVWDQFH IXQFWLRQZKLFK LV LQ DJUHHPHQWZLWK WKH LQIOHFWLRQDO UXOHV7KH ,/PHWKRGSURYLGHV DKLJKHU
DFFXUDF\DQGLWFDQPDQDJHWKHH[FHSWLRQDOFDVHVWRR7KHGUDZEDFNRIWKLVPHWKRGLVWKHKLJKHUH[HFXWLRQFRVWIRU
ODUJHU FRQWH[WPDWULFHV 7KHJRDORI IXUWKHU LQYHVWLJDWLRQ LV WRRSWLPL]H WKH OHDUQLQJ DOJRULWKPVRI WKHSUHVHQWHG
DOWHUQDWLYHPHWKRGVEHIRUHWRDSSO\WKHPIRUODUJHUFRUSXVZLWKWUDLQLQJZRUGSDLUV
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